Background: Adverse pregnancy outcome is an important public health problem that has been partly associated with increasing maternal parity. Aim: To determine the effect of parity on maternal body mass index (BMI), mineral element status and newborn anthropometrics. Methods: Data for 349 pregnant women previously studied for the impacts of maternal plasma mineral element status on pregnancy and its outcomes was analysed. Obstetric and demographic data and 5mls of blood samples were obtained from each subject. Blood lead, plasma copper, iron and zinc were determined using atomic absorption spectrophotometer. Results: Maternal BMI increases with parity. Women with parity two had significantly higher plasma zinc but lower plasma copper with comparable levels of the elements in nulliparous and higher parity groups. Although plasma iron was comparable among the groups, blood lead was significantly higher in parity > three. Newborn birth length increases with parity with a positive correlation between parity and maternal BMI (r = 0.221; p = 0.001) and newborn birth length (r = 0.170; p = 0.002) while plasma copper was negatively correlated with newborn's head circumference (r = -0.115; p = 0.040) Conclusion: It is plausible that parity affects maternal BMI and newborn anthropometrics through alterations in maternal plasma mineral element levels. While further studies are desired to confirm the present findings, there is need for pregnant and would-be pregnant women to diversify their diet to optimize their mineral element status.
Background
Alterations in biochemical parameters, including essential minerals and vitamins during pregnancy are well documented 1 . These changes have been attributed to physiological, metabolic, psychological and hormonal changes that accompany pregnancy. The changes lead to increased basal energy expenditure, reduced nutrient intakes, malabsorption, increased nutrient loss and metabolic alterations and expansion of plasma volume 2 .
For instance, several homeostatic adjustments in zinc metabolism during pregnancy and lactation have been suggested. These include alterations in intestinal zinc absorption, gastrointestinal secretion and renal conservation and release from maternal tissues 3 . Also, metabolism of copper, another essential trace element is known to be affected during pregnancy. In both human and animal studies maternal serum copper and ceruloplasmin concentrations have been found to increase throughout pregnancy [4] [5] [6] [7] . It has recently been reported that parity-related changes in body weight and BMI influence zinc and copper status in urban pregnant women from South-Eastern Nigeria 8 .
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The physiological changes in pregnancy (expansion of plasma volume, increased erythropoiesis, and increased demand of the foetal unit for iron) occur throughout gestation and vary markedly between each individual 9 . Studies have also reported alterations in blood lead during pregnancy. For example, increased maternal blood lead (PbB) levels in pregnancy have been associated with increased nutritional demand and the homeorhesis associated with pregnancy. Mobilisation of lead from the bones has been found to be dependent on maternal age, overall nutritional status, parity and gestational age 10 .
Studies have documented that both deficiencies of essential trace elements, such as iron, copper and zinc and elevated blood level of lead are associated with adverse course and outcomes of pregnancy [11] [12] [13] . The complications of pregnancy induced by high blood lead level have been suggested to be through the alterations in trace element metabolism 13 . Although it is unequivocal that pregnancy is associated with alterations in essential minerals, it is yet to be clarified whether such changes are sustained after delivery. Again, except for the study of Singh et al. 14 , which reported increased level of blood lead and decreased levels of essential metals, which was associated with increased maternal parity, there is dearth of data on the effects of parity on maternal mineral status.
We hypothesise that if both biochemical and physiological alterations that occur in pregnancy are to be sustained after delivery, parity may have effect on newborn anthropometrics through such changes. Thus the present study aims to determine the effects of parity on maternal BMI, plasma levels of some mineral elements and foetal anthropometrics in a population of pregnant women in Abakaliki, South-East Nigeria.
Materials and methods
This prospective cohort study was part of a larger study carried out among pregnant women attending antenatal clinic of the Department of Obstetrics and Gynaecology of the Federal Medical Centre (now Federal Teaching Hospital), Abakaliki, one of the referral tertiary health institutions in the South Eastern part of Nigeria. The study area and subject selection have been previously described 15 . Three hundred and fifty-one (351) women, aged 18-40 years (Gestational age ≤ 25 weeks), who gave their consent to participate in the study, were consecutively recruited between July 2007 and September 2008. The protocol for this study was approved by the Ethics and Research Committee of the hospital. The obstetric data of the participants was collected by structured questionnaires. Maternal anthropometry; height and weight were measured with the subject in light clothes without shoes, and BMI (Kg/m 2 ) calculated. Five millilitres (5.0 ml) of non-fasting venous blood collected between 08.00-10.00 hours were dispensed into trace element-free heparinised plastic bottles (3.0 ml) and EDTA bottle (2.0 ml) for determination of mineral elements and haematological parameters {packed cell volume (PCV) and haemoglobin concentration (HBC) and blood lead respectively.
While PCV and HBC were determined using standard haematological techniques and procedures as previously described 16 , the blood samples in the trace element-free bottles were centrifuged at 2000g for five minute for the isolation of plasma. The plasma samples were frozen until they were analysed. Plasma mineral elements were determined in duplicates using atomic absorption spectrophotometer and the mean was recorded as the absolute value of the elements.
As part of contamination control in blood lead (Pb) determination, all glassware were routinely washed and soaked in two successive dilute nitric acid bathes (0.8 mg/l) and then thoroughly rinsed in ultra-pure double distilled deionized water. Additionally, all reagent, glassware and sample collection devices were checked for contamination with Pb. No contamination was found when randomly selected sample of tubes used to collect and store blood for Pb assay were tested for Pb. Briefly, the tubes were washed with 10 % nitric acid (HNO3) and the effluent measured by atomic absorption spectrophotometer as described by Jacobson et al. 17 for low Pb concentration. Certified lead reference solutions (obtained from Sigma-Aldrich Co LLC, USA) for atomic spectrometry were used as control.
Participants were followed up till after delivery. After delivery baby's anthropometrics, such as weight, length, and head circumference were recorded by the attending midwives. Baby's birth weight was determined using electronic weighing balance and recorded to the nearest 0.05Kg with the scale checked periodically throughout the study for accuracy while birth length and head circumference was determined by a measuring tape to the nearest 0.1cm.
Data analysis
Basic statistical analyses were done employing one-way analysis of variance (ANOVA) and post-hoc multiple comparisons, where appropriate, to determine differences among means of parameters. Relationships among parameters were determined using Pearson correlation analysis. Values were expressed as mean and standard deviation. All statistical analyses were performed with SPSS® for Windows® version 16 and p values less than 0.05 were considered significant. Table 1 shows the general characteristics of pregnant women recruited at gestational age of ≤25 weeks. Although 351 pregnant women were recruited, one (0.3%) died early into the study, and of the remaining 350 (99.7%) of which data was available samples were obtained from 349 participants as one participant declined participation. At delivery, data was available for 319 (91.4%) women and their neonates. Data was incomplete or not available for the remaining 30 (8.6%). Table 2 shows the effects of parity on BMI, haematological parameters, essential minerals status and blood lead of pregnant women. Parity had significant effects on maternal BMI, which increases with maternal parity, with least effect in nulliparity and maximum effect in the parity three. For the essential minerals, while parity two had significantly higher plasma zinc in comparison to other parity groups, the same group had significantly lower plasma copper when compared to other parity groups. However, comparable levels of copper and zinc were observed in lower parity group, nulliparity and higher parity groups.
Results
While plasma iron was found to be comparable among the groups, blood lead was found to be significantly lower in parity two in comparison to parity zero and one, but was significantly higher in parity >three. From table 3, parity had no significant effect on newborn birth weight, but there seemed to be increasing birth weight with increasing parity. Also, although newborn head circumference seemed to increase with increasing parity, the effect was not statistically significant. However, newborn birth length was found to be significantly (p<0.05) higher in parity three (55.08±9.12 cm) in comparison to other parity groups.
Partial correlation analysis, after controlling for age, gestational age and dietary intakes shows that parity was positively correlated with maternal BMI (r = 0.221; p = 0.001) and newborn birth length (r = 0.170; p = 0.002). Also plasma copper was negatively correlated with newborn's head circumference (r = -0.115; p = 0.040). 
Discussion
The wide variations in the levels of trace elements recorded in this study suggest a wide nutritional disparity among the women. Although the reason for this nutritional disparity remains obscure, contamination of water source may be a probability. Contamination of water supply has been found to be one of the important causes of acute toxicity of trace elements in the general population 18 . Another plausible contributory factor to the wide differences in concentrations of trace elements among these women is differential bioavailability of trace elements due to nutrient-nutrient interactions 19, 20 . This has important public health implications not only for the mothers but also for their newborns as this may reflect in differential concentrations and availability of these elements to the foetus, which may ultimately affect maternal and foetal health.
The study shows that maternal BMI significantly increased with parity, with women in parity two having significantly higher plasma zinc but lower plasma copper and lead respectively, while plasma iron was comparable among the groups. Blood lead was significantly higher in parity >three. Again, parity had no significant effect on newborn birth weight, and head circumference but birth length was found to be significantly higher in parity three (55.08±9.12 cm) in comparison to other parity groups. Parity was positively correlated with maternal BMI (r = 0.221; p = 0.000) and newborn birth length (r = 0.170; p = 0.002) while plasma copper was negatively correlated with newborn head circumference.
Singh et al
14 had previously reported that lead level increases with parity and this affects the essential metal levels, with maternal stores depleted with increasing parity. Again, studies 21, 22 have suggested depletion of maternal stores of essential elements with increasing parity. This is in corroboration with the present findings except for the rise in zinc in parity two, and for copper and iron in parity > three. Although the reasons for these rises remain obscure, it suggests that these elements may have some homeostasis mechanism by which they maintain plasma levels when they are depleted beyond certain levels. For example, it has been found that fractional zinc absorption increased significantly in women with marginal zinc intakes during pregnancy and lactation, with increases higher in women with low plasma zinc 23 . Also, in a population with chronically low dietary zinc intake, conservation of endogenous zinc may be critical in the maintenance of zinc homeostasis than the adaptation in fractional absorption 24 . It remains to be ascertained whether the same homeostatic mechanisms apply for other essential elements.
The significantly higher blood lead in multiparous women (parity > three) observed in the present study is in corroboration with previous findings 25, 26 . Mirranda et al. 25 attributed this to increased bone resorption during pregnancy and more lead exposure on the average, for older women during childhood in comparison to younger mother. Increase in blood lead level with age has also been associated with continuous cumulative environmental exposure over time 27 . Similarly, the authors had previously reported higher prevalence of elevated blood lead in nulliparous and multiparous women in this population 13 , which they attributed to iron deficiency associated with multiparity. It has been shown that lead absorption is enhanced in iron deficiency state 28 . It may therefore be inferred that the elevated blood lead observed in the present study may rightly be associated with maternal anaemia, as anaemia was a significant finding among the women.
Like studies elsewhere 29 , in the present study, maternal haemoglobin and packed cell volume (PCV) decreases with maternal parity, which reaffirmed maternal depletion associated with increasing parity. In multiparous women, the space between successive pregnancies may not be long enough to allow for replenishment of lost blood and nutrients and this may partly explain the lower values of PCV and haemoglobin observed in the present study. Although we did not include the socioeconomic data of these women, multiparity has been associated with low socioeconomic class and multi-micronutrient deficiencies, which in turn have been associated with low haemoglobin and PCV, due to impairment of red blood cell synthesis 30, 31 .
The positive correlation of maternal parity with BMI and newborn birth length observed in the present study is in accord with the findings of Nwagha et al. 8 , where pregnancy weight gain was found to be more pronounced in multiparous than in nulliparous women. The authors have also reported a positive relationship of maternal BMI with age, parity and socioeconomic status among pregnant Nigerians 32 This may have important public health implications as adverse pregnancy outcomes have been associated with multiparity and increased maternal BMI [33] [34] [35] . It may be argued that the higher incidence of some pregnancy complications in high parous women, such as preterm delivery and macrosomia 36, 37 may be related to increase in maternal BMI. On the other hand, decreased maternal micronutrient levels, including essential elements may be a factor, as lowest plasma zinc had been reported in women with highest BMI 38 . Also, in addition to obesity, plasma zinc level has been found to be dependent on age, race and parity 39 , which is in corroboration with the present finding. The negative correlation between newborn head circumference and maternal plasma copper level suggests a relationship between newborn anthropometrics and maternal plasma mineral levels. Copper and zinc are essential elements, which play essential roles in several enzymes and transcription factors that regulate growth and development 40, 41 . Both excesses and deficiencies of copper and zinc have been reported to have profound and sometimes, persistent effects on many foetal tissues and organs in the absence of clinical signs of deficiency in the mothers 8 . It may therefore be speculated that the parity related changes in maternal BMI observed in the present study may have impacted on newborn anthropometrics through the alterations in maternal plasma mineral levels. Although not empirically determined, the sample size (351), of the present study was high enough to detect significant difference where it truly existed. It is therefore a true representation of the population of the state and the findings may be generalized. It may therefore be concluded that increasing parity may affect maternal BMI and newborn anthropometrics through the alterations of maternal plasma mineral status. While further studies are desired to confirm the present findings, pregnant and would-be pregnant women should be encouraged to diversify their diet to optimize their mineral element status.
